in Grunstein, 1998). Sir complexes may simply "coat" nucleosomes, or possibly fold the repressed domain The patterns of gene expression that are established into a higher-order structure. Double in situ and immunoand maintained during cellular differentiation result not fluorescence detection indicate that sites of Sir-medionly from the targeting of stage-specific transcription ated repression are found clustered in 6 to 8 foci, which, factors, but from the long-range organization of chromacompared to other genomic domains, remain relatively tin, which establishes "open" or "closed" states that are immobile at the nuclear periphery until late G2 phase. permissive or refractory to transcription. Typically, in
Sir proteins and transcriptional activators compete for a given promoter once it is within a compartment that can confer repression, such as that formed by telomeric foci (Aparicio and Gottschling, 1994). Although Sir proteins are concentrated at telomeres, increased expression can improve silencing efficiency, indicating that the normal protein levels are limiting for repression. Intriguingly, strong overexpression of either Sir2p or Sir4p has the opposite effect, derepressing silent domains. Since this negative effect can be overcome by coordinately overexpressing SIR3 and SIR4, or subdomains of Sir3p and Sir4p, the balance between these components appears to be critical and is likely to be tightly regulated in normal cells.
From these studies, a few principles basic to heterochromatin-type repression are suggested. First, structural chromatin factors that promote extended regions . Since this occurs even in the absence of the ␤-glosuggested that Ikaros might bind members of the PcG group, which, at least in mammalian cells, also associate bin locus enhancer, or "locus control region," which is needed to induce transcription, the authors propose with pericentric heterochromatin (Saurin et al., 1998). A recent study, however, indicates that Ikaros's innate that it is the potential to be expressed, and not active transcription, that precedes movement. ability to recognize consensus binding sites both in target promoters and within the ␥ satellite repeats allows A similar conclusion can be drawn from the study of a transgene inserted directly into the major mouse ␥ the recruitment of Ikaros, and presumably of its relevant target genes, to heterochromatin (Cobb et al., 2000; satellite repeat. As expected, Lundgren and colleagues found a variegated expression phenotype for the 5 Figure 1A ). Although Ikaros can also bind Mi-2, a component of the deacetylase-containing chromatin remodeltransgene placed in a heterochromatic environment (Lundgren et al., 2000) . When totally inactive and inacing factor NuRD, Mi-2 does not colocalize significantly with Ikaros in the NIH3T3 cells used. In other cell types, cessible to DNase1, the promoter was shown by in situ hybridization to be buried deep within a zone of heteroMi-2 does colocalize with pericentric heterochromatin, consistent with a role in repression, even though it is chromatin. Upon the binding of the basal E2A factors, the promoter became accessible to DNase1 although unlikely to be the "landing pad" for Ikaros ( Figure 1B) .
Since not all Ikaros-regulated genes are centromeric the gene was not actively transcribed. This coincided with movement of the 5 locus to the surface of the in a given cell type, it was proposed that the interaction of certain Ikaros isoforms with other cell lineage-specific centromeric heterochromatin, confirming that changes in chromatin structure, rather than active transcription, partners might restrict the relocalization of the target genes to specific developmental pathways. This would precedes or promotes rearrangements, even within a heterochromatic domain. When the transgene was exallow a coordinated sequestering and release of genetic domains into repressive compartments during the differamined in pre-B cells in which a strong transactivator was expressed, the silent heterochromatic state was entiation process. Support for this hypothesis still requires direct proof that the Ikaros sites in promoters overcome and the gene was actively transcribed, yet it remained on the surface of the heterochromatic domain.
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